The HSP70 family of heat-shock proteins constitutes the major proteins synthesized in response to elevated temperatures and other forms of stress. In eukaryotes members of the HSP70 family also include a protein similar if not identical to bovine brain uncoating A TPase and glucose-regulated proteins. An intriguing relation has been established between expression of heat-shock proteins and transformation in mammalian cells. Elevated levels of HSP70 are found in some transformed cell lines, and viral and cellular gene products that are capable of transforming cells in vitro can also stimulate transcription of HSP70 genes. To determine the organization of this complex multigene family in the human genome, we used complementary approaches: Southern analysis and protein gels of Chinese hamster-human somatic cell hybrids, and in situ hybridization to human chromosomes. We demonstrate that functional genes encoding HSP70 proteins map to human chromosomes 6, 14, 21, and at least one other chromosome.
INTRODUCTION
Synthesis of heat-shock proteins in response to stress has been widely observed in prokaryotes and eukaryotes (1, 2) . Accompanying the rapid induction of heat-shock protein synthesis is a decrease in transcription and translation of other genes and gene products. While the function of these proteins is not clear, there is substantial evidence linking heat-shock proteins with a protective mechanism during and following cellular stress. Furthermore, there is an intriguing relation between expression of heat-shock proteins and malignant transformation in mammalian cells. HeLa cells as well as several other tumor cell lines show elevated levels of expression of the major heat-shock protein, HSP70, at normal temperatures (3, 4) . Expression of HSP70 is stimulated in mammalian cells by the adenovirus Ela 13s product and the polyoma virus large T antigen (5 7); additionally, a rearranged c-myc gene can stimulate expression from a Drosophila HSP70 promoter transfected into Chinese hamster ovary (CHO) cells (8).
The viral-transforming proteins and cellular protooncogenes that stimulate expression of HSP70 have all been implicated in immortalization of primary cells in culture (9-11). Thus, immortalizing gene products may effect transcription at cellular promoters to repress or activate expression of genes, including those encoding heat-shock proteins. The significance of the trans-activation of HSP70 gene expression by viral or cellular transforming proteins is further revealed by the growth-regulated expression of human HSP70 by serum stimulation (4) and during the synthetic phase of the cell cycle (12, 13) .
There is also evidence that heat-shock proteins and antigens associated with transformation may be physically complexed. Several heat-shock-induced proteins of about 70 kilodaltons (kd) appear to be tightly associated with the p53 cellular antigen in a transformed rat fibroblast line which overexpresses this antigen (14). Furthermore, in a murine chemically induced sarcoma, a tumor-specific transplantation antigen shows considerable homology at the amino acid level to the Drosophila 83-kd heat-shock protein (15). A fundamental role for HSP70 is also suggested by its strong evolutionary conservation from bacteria to man. Furthermore, deletion of this gene in yeast results in impaired growth at normal temperatures (16), implying that HSP70 has an important function independent of its role during stress.
Multiple copies of HSPTO genes have been detected in most organisms, including Drosophila, yeast, mouse, and man (17) (18) (19) . Members of the human HSP70 gene family have been cloned, using probes from both Drosophila and rat (20, 21) . This is an extensive gene family with perhaps 10 or more members, only one of which appears to be a pseudogene (20) . One member of the human HSP70 family is similar or identical to the constitutively expressed bovine brain uncoating ATPase, involved in release of clathrin from coated vesicles (22) .
In this study, we have determined the chromosomal location of the functional human HSP70 genes, using a combination of Southern hybridization analysis, in situ hybridization, and protein gels. We demon-strate that sequences encoding HSP70 proteins are located on human chromosomes 6, 14, and 21, and we also present evidence that homologous sequences reside on at least one other chromosome as well.
MATERIALS AND METHODS
Cell Lines. UC2 is a CHO cell line defective in the last two steps of pyrimidine synthesis and therefore requires exogenous uridine for growth. GlyB is also a CHO cell line deficient in glycine metabolism. HeLa is a human cervical carcinoma cell line. The following are CHO-human hybrid cell lines: TLUC2/le5 (and segregants TLUC2/le5cl0, TLUC2/le55c4, and TLUC2/Ie5c9a), TLUC2/12-8, 8;21/GB12, 314b, F55, 706B6A3, and 72532X-6. Table 1 lists the human chromosomes present in these hybrids. The CHO human hybrids used for the functional assay for HSP70 are listed in Table 2. TLUC2/Ie5 and TLUC2/12-8 were constructed from a t(3;8)(p14.2;q24.1) human lymphoblastoid line, kindly provided by Dr. Tom Glover, fused to CHO cell line UC2 as previously described (23). These hybrid cell lines selectively retain the long arm of human chromosome 3 (in this case, a 3p-chromosome) which supplies the uridine requirement for the parent UC2 cells. In TLUC2/le5, 100% of the cells have the 3p chromosome, approximately 90% have chromosome 6, and 90% have the CHO-human translocation. The presence of the human marker chromosome is more variable, appearing in 10-50% of the cells. In the segregants of TLUC2/le5, the chromosome constitution as described in Table 1 exists in nearly 100% of the cells examined.
8;21/GB12 contains a normal chromosome 8 as the only human material isolated from t(8;21) acute myleogenous leukemia cells. 314b, provided by Dr. Carol Jones, contains a normal chromosome 3 as the only human material; 706B6A3 and F55 both contain a normal chromosome 14 as the only
